We have searched 1.4 x 10 6 e+e-annihilation events for particles 2 +--with 1-3 GeV I c mass and charge Q = -2/3 from the processes e e -+ qqX and +--~ e e -+ qq. Upper limits of RQ -10 for each process are presented which improve the previous limits on free quark production in electromagnetic interactions by 2 orders of magnitude.
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The possible observation of free quarks [l] at the level of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] (q+q)/nucleon in niobium has given new incentive to the search for fractionally charged particles using accelerators. Although it would seem reasonable to look in processes where quarks are believed to be directly produced, such as deep inelastic scattering and e+e-annihilation, the fact is that free quark searches using electromagnetic interactions are few in number and not severely constraining [2] [3] [4] [5] [6] . Most past searches have looked for pair production of quarks on nuclear targets using bremsstrahlung photons from high energy electron beams. Their measured limits can be described in terms of the ratio RQ of the quark production cross section to the cross section for point-like QED particles of the same charge and mass. The most sensitive of these results are from
Galik et al. [5] and, for charge Q = 2/3 quarks and RQ assumed to be 1.0, these place a lower limit on mass mQ of 1.8 GeV/c 2 . Better limits have recently been obtained in e+e-annihilation at PETRA using the JADE-jet 2 chamber [6] . For quark masses up to 12 GeV/c and Q = 2/3, they place 90% C.L. upper limits on RQ of the order of 10-2 • This letter presents results which are yet 2 orders of magnitude more sensitive in RQ for Q = 2/3 quarks in the range of mQ between 1 and 3 GeV/c 2
We have undertaken a search for Q = -2/3 and Q = -1 particles with mass greater than a proton mass in e+e-annihilation using the SLAC-LBL Mark II detector at the SPEAR e+e-storage ring of the Stanford Linear Accelerator Center. We have conducted high statistics searches in two general categories of events. The first search is for inclusive quark production from the process e+e--+ qqX in a sample of 9.8 x 10 5 multiprong and non-coplanar 2-prong events. These events contain 2.7 x 10 6 -3-observed tracks in the detector from a total integrated luminosity of 
+--
The first search, for e e + qqX, uses the time To search for particles with charge Q = 2/3, the pulse height measurement can be used to obtain information on the ionization loss of are determined for each value of mQ by the ±2cr contours of the calculated mi resolution, the maximum momentum allowed by kinematics and the minimum momentum due to range cut-off for Q = 2/3. The ~ resolution calculation has been verified in detail for all detected particles. Table I then presents the maximum number of events observed for quark masses in each of several quark mass intervals and the 90% confidence level upper limits based on those events. For higher masses (mQ > 1.9 GeV/c 2 ), these limits are based simply on the total number of events observed within the contour region corresponding to each value of mQ. However for lower masses, (1.0-1.9 GeV/c 2 ), a background subtraction has been performed using sidebands given by the ±2cr and ±4cr contours for each mQ. To minimize efficiency corrections for events which could be lost due to the effects of increased ~ resolution at the highest momenta, luminosity used for mQ = 1.0 to 1.25 GeV/c 2 was limited to that from 5.2 GeV and below. Table I then translates these event limits into limits on cross section and on RQ. Quarks are assumed here to undergo normal nuclear interactions, i.e., a quark nuclear cross section of 10mb/nucleon which gives a 3% loss per track. The efficiency calculation uses the hadronic production model described previously but the search technique used here makes the efficiencies extremely model independent.
The second search is for e+e-~in the colinear 2-prong data sample which is dominated by p-pair and Bhabha scattering events. 
